Briefs

Analog model of neurons

e most complex network that scien-
t;sts study is the human brain. With
100 billion neurons, each directly con-
nected to an average of 10,000 others,
the brain is extremely difficult to model
successfully. For decades, researchers
tended to use digjtal computers as a con-
ceptual model for the brain. Yet the brain &
does not function digitally. The rate ats
which a neuron fires its pulses can be
varied continuously, and neurons can gen-
erate and react to slow continuous-wave
electrical potentials. These are the behav-
iors of an analog, not an all-or-nothing dig-
ital circuit.

A team of researchers from the
Massachusetts Institute of Technology
(MIT), Bell Laboratories, and the Institute
of Neuroinformatics (Zurich, Switzerland)
has taken a small step forward. They have
developed a simple, silicon-based analog
circuit that exhibits some of the basic
behavior of neurons in the cortex, where
the brain synthesizes information at the
highest level (Nature 2000, 405, 947).
Despite the circuit’s simplicity, it shows
some signs of the selective attention, non-
linear response, and cooperative action
among groups of neurons found in the
brain. The work may point toward analog
models of increased sophistication that
more closely resemble the way neurons in
the brain operate.

The team wanted to see whether it
could devise a relatively simple system
that, like the brain, represents information
in a distributed manner by the collective,
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of the basic behavior of neurons in the brain’s
cortex—selective attention, nonlinear
response, and cooperative action among

groups of neurons.

coordinated activity of a number of neu-

rons, termed a cell assembly (see The
Industrial Physicist, August 2000, pp.
18-21). “We wanted a model that was
simple enough for us to understand,” says
Richard H. R. Hanloser, a team member at
MIT’s Department of Brain and Cognitive
Sciences. Instead of many cells,the model
involved just 17 “neurons.” Instead of
functioning as complex oscillators, the cir-
cuits were designed to settle rapidly into a
steady state with constant currents.
Sixteen of the model neurons formed a
ring. These excitatory neurons each had
input currents that could be set by the
experimenters to model external stimuli. In
action, each model neuron fed back current
to itself and to its four nearest neighbors in
the ring. Each current was multiplied by a
“synaptic” factor that determined the
strength of the feed-
back from neuron
to neuron. Finally,
all the ring neurons
fed current to a
central inhibitory
neuron, which then
fed a negative
current back to
each ring neuron,
decreasing its out
put. The ring neu-
rons have been
designed to always
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have either positive or zero currents, but
not negative currents.

The net result of this system is that a
stimulus (input current) to one neuron
excites its nearest neighbors, but
depresses its two next-nearest neighbors
a phenomenon observed in real neurons.
When the system is carefully tuned by
adjusting the synaptic strengths, it rapid-
ly settles into a steady state of current
for any set of inputs, showing a firing rate
that is similar to that of neurons in some
of the brain’s processing areas for higher-
level functions.

One of the most interesting behaviors
of the circuit as a whole was its ability to
select one of two separate stimuli to
which to respond, an either-or selection
that is generally achieved by purely digi
tal circuits. When two stimuli were present-
ed to neurons close to one another in the
ring, neurons in between them responded
to either of the two. But when the stimuli
were moved farther apart on the ring, the
response tended to be focused exclusively
on the larger stimulus.

In addition, when a stimulus was super-
imposed on a constant background, the
neurons showed a nonlinear response to
the product of the strengths of the stimu-
lus and the background, not their sum. For
example, a localized stimulus imposed on
a uniform background elicited a localized
response by a neuron in the ring, modulat-
ed by the background amplitude. “We think
this is analogous to gain modulation in the
brain,” says Hahnloser, “as when the neur-
al sensitivity to visual stimuli depends on
the direction in which the eyes point.” Not
all the neurons—only a certain subset—
responded to a given stimulus, just as in
the brain, a certain cell assembly would
respond rather than all neuronal cells.

Next, Hahnloser and his colleagues want
to enable the circuit to adjust its own synap-
tic strengths and thereby create primitive
models of memory. They hope that such
models will give insight into the working of
the brain to improve prosthetics that have to
imitate nervous function, such as the artifi-
cial cochlea for the deaf (see The Industrial
Physicist, February 2000, pp. 12-15).



